Composition and seasonal dynamics of phytoplankton, bacteria, and zooplankton (including heterotrophic flagellates, ciliates, rotifers and crustaceans) were studied in 55 lakes in Northern Germany with different trophic status, ranging from mesotrophic to hypertrophic. Mean abundance and biomass of all groups increased significantly with trophic level of the lake, but bacteria and metazooplankton showed only a weak correlation and a slight increase with chlorophyll concentration. Composition of phytoplankton showed a dominance of cyanobacteria in hypertrophic lakes, whereas the importance of chrysophytes and dinophytes decreased with an increase in trophic status. Protozoans (heterotrophic flagellates and ciliates) made up 24% (mesotrophic lakes) to 42% (hypertrophic lakes) of total zooplankton biomass on average, and were dominated by ciliates (62-80% of protozoan biomass). Seasonally, protozoans can build up to 60% of zooplankton biomass in spring, when heterotrophic flagellates can contribute $50% to protozoan biomass. Correlation analyses revealed significant relationships between the planktonic groups and indicated that pelagic food webs are influenced by both bottom-up as well as top-down mechanisms. Comparing lakes along a trophic gradient, resource parameters seem to be of major importance, whereas seasonal changes within a lake were perhaps regulated by the presence of predators.
I N T R O D U C T I O N
Ideas about the structure of pelagic food webs has changed since the 1980s. The traditional concept of the phytoplankton-zooplankton food chain has been supplemented by the concept of the microbial loop (Azam et al., 1983) . There are an increasing number of studies of the functioning of pelagic food webs that include the importance of protozoans and bacteria. However, only a few lakes have been studied including all major components of the pelagic food web [e.g. (Carrick et al., 1991; Nixdorf and Arndt, 1993; Gaedke and Straile, 1994; Mathes and Arndt, 1994) ]. Therefore, data for comparisons of plankton communities between different lakes are still insufficient.
There is a continuing discussion about control mechanisms of pelagic food webs (bottom-up versus top-down effects) in which the trophic condition of the water bodies seems to play an important role. Nutrient enrichment generally leads to an increased abundance and biomass of all components of the pelagic food web (Pace, 1986; Berninger et al., 1991a) , but the response of each group can differ strongly (Christoffersen et al., 1993; Gasol and Vaqué, 1993; Jansson et al., 1996) . Therefore, nutrient supply can influence the structure of the pelagic community and may have an effect on the interactions among the community components. Structural changes in the pelagic food web can result in a shift from bottom-up to topdown control of some groups, e.g. heterotrophic flagellates (Weisse, 1991a) . Lower trophic levels are more directly affected by bottom-up influences than higher trophic levels, but their response to changes in the top-down control is less pronounced (McQueen et al., 1986; Sanders et al., 1992) . There is an ongoing discussion about the importance of the microbial food web compared with the 'classical' food chain in different limnetic systems. It has been suggested that the primary production is used by the microbial web to a higher extent in oligotrophic lakes compared to eutrophic ones (Bird and Kalff, 1984) . Porter et al. stated that the relative importance of the microbial web decreases with increasing trophic status and that nutrient recycling within the microbial web is of less significance at high nutrient loadings in eutrophic lakes (Porter et al., 1988) . The role of the microbial fraction within the food web can change with lake productivity (Bird and Kalff, 1984; Riemann and Søndergaard, 1986; Weisse, 1991b; Cotner and Biddanda, 2002) and within the annual cycle (Weisse and Müller, 1998) . Community structure, the composition of metazooplankton as potential predators on the microbial component, and the composition of the microbial components themselves deserve special attention in understanding the interactions between the trophic guilds (Porter et al., 1988) .
Since the majority of previous studies were carried out in oligo-and mesotrophic lakes, we focused our interest on eutrophic and hypertrophic lakes. Simultaneous and comprehensive investigations of the plankton community were carried out in 55 lakes differing in trophic condition, morphology and water chemistry in the north German province of Mecklenburg-Vorpommern. The aim of the present study was first to obtain more information about the composition of the plankton community in lakes with contrasting productivities and at different seasons, including qualitative and quantitative data about metazooplankton (rotifers, copepods, cladocerans) and protozooplankton (heterotrophic flagellates and ciliates). In the next step, we analysed the large data set from two points of view-the influence of trophic status and the influence of seasonal changes on the zooplankton community-using correlation analyses.
M E T H O D
The study was carried out in 55 lakes in north-eastern Germany in 1996 and 1997 ( Figure 1 ). The lakes varied in morphometric, chemical and nutrient conditions (Table I) , ranging from 1.0 to 553 ha in surface area and from 0.4 to 18 m in maximum depth. The majority of lakes were small (<20 ha) and shallow ( 5 m depth).
The conductivity values of 90% of the lakes were between 428 mS cm À1 and 8397 mS cm À1 , values up to 14 700 mS cm À1 were recorded in some lakes because of their vicinity to the Baltic Sea.
Classification of the trophic status of the lakes was carried out according to Klapper (Klapper, 1991) ; this classification is based mainly on chlorophyll concentration, total phosphorus and Secchi depth during summer. Trophic status ranged from mesotrophic to hypertrophic, with most being eutrophic. Because of the high numbers of eutrophic lakes covering a wide range of chlorophyll and phosphorus concentrations, differentiation was made between 'slightly eutrophic' and 'highly eutrophic' lakes, according to the recommendations of Klapper (Klapper, 1991) . Total phosphorus and chlorophyll concentrations ranged between 0.65 and 186.9 mmol L À1 and between 1 and 354 mg L
À1
, respectively. Samples were taken at daytime at the deepest site of each lake on four occasions in the year-in spring (March/April), early summer ( June), late summer (August) and autumn (October). Water temperature, oxygen concentration, pH and conductivity were recorded with appropriate sensors (WTW, Germany) at 1 m depth intervals. All samples were taken with a Schindler-Patalas-trap (volume 2 L) from different depths in the epilimnion. To decrease the effect of JOURNAL OF PLANKTON RESEARCH j VOLUME 26 j NUMBER 6 j PAGES 697-709 j 2004 patchiness five samples were mixed before taking subsamples for chemical analyses and for all organisms except metazooplankton. For the sampling of metazooplankton 10 L of lake water were filtered through a 44 mm sieve and fixed with 4% formalin.
Total phosphorus was determined in unfiltered water with the molybdenum-blue-reaction after hot digestion under pressure with acid persulphate (Deutsche Einheitsverfahren, 1992) . For the analyses of chlorophyll concentrations, 50-500 mL of lake water were filtered through a glass-fibre filter (Whatman GF/C) and the filters were frozen at À18 C until further analysis. Pigments were extracted with ethanol and absorbance was measured at 663 nm (Deutsche Einheitsverfahren, 1992) .
Bacteria were fixed immediately after sampling with glutaraldehyde (final concentration 2%), collected onto 0.2 mm Nucleopore filters under gentle vacuum and stained with DAPI on the same day according to Porter and Feig (Porter and Feig, 1980) . The filters were stored at À18 C until determination of abundance and cell size of heterotrophic bacteria with an epifluorescence microscope at 1000Â magnification. At least 300 bacteria were counted and measured per filter. For conversion to carbon values a conversion factor of 0.106 pg C mm À3 was used (Nagata, 1986) . Analyses of bacteria were taken from a study by Klemm (Klemm, 1998) .
Phytoplankton was fixed with acid Lugol's iodine and counted and measured in sedimentation chambers with an inverted microscope (Utermöhl, 1958) . Measurements of cells were converted first to volume assuming simple geometric forms and finally to carbon using a conversion factor of 0.11 pg C mm 3 (Rocha and Duncan, 1985) . Samples for heterotrophic flagellates were stored unfixed at in situ temperatures in spring and autumn or at $10 C in summer and were analysed within 6 h after sampling. For the determination of the abundance, biovolume and classification, a live-counting technique was used (Arndt et al., 2000; Auer and Arndt, 2001) . A minimum of three aliquots (2-20 mL) per sample were counted under a light microscope using phase contrast at a 200 to 400Â magnification. Biovolume was calculated from measurements of living animals using approximations to simple geometric forms. For calculations of carbon content a conversion factor of 0.10 pg C mm 3 was used (Børsheim and Bratbak, 1987) , which is recommended for living cells.
Ciliate analyses were carried out using a modified quantitative protagol staining technique (Pfister et al., 1999) , used for enumeration and taxonomic determination. Because of marked changes in body size as a result of fixation and staining (Pfister et al., 1999) data from the literature were used for mean cell size and body volume [ (Foissner et al., 1991 (Foissner et al., , 1992 (Foissner et al., , 1994 (Foissner et al., , 1995 and citations therein]. A conversion factor to carbon of 0.11 pg C mm À3 (Turley et al., 1986) was used. The detailed analysis of ciliate abundance, biovolume, and species composition of ciliates was published elsewhere (Pfister et al., 2002) .
For the analysis of metazooplankton (rotifers, copepods, cladocerans), three subsamples were counted under 50 to 100Â magnification, using a modified Utermöhl chamber (65 Â 18 Â 4.2 mm, 5 mL volume). Ten to twenty individuals per taxon and developmental stage (copepods) were measured using an image-analyser (Leica Quantimet 500). Species-specific length/weight regressions, according to Bottrell et al. and Downing and Rigler (Bottrell et al., 1976; Downing and Rigler, 1984) , were used for calculation of biomass and a conversion factor of 0.075 pg C pg À1 wet weight (Latja and Salonen, 1978) was used for calculations of carbon content.
R E S U L T S Influence of trophic status on the biomass of plankton groups
The biomass of all groups increased significantly from mesotrophic to hypertrophic lakes [analysis of variance (ANOVA) P < 0.001, Table II ]. Linear regressions between plankton biomasses and chlorophyll concentration (log-transformed data) revealed significant positive correlations for all plankton groups (Figure 2 ). Phytoplankton biomass strongly increased from mesotrophic to hypertrophic lakes. Biomass of heterotrophic flagellates displayed a similar strong increase with trophic status of lake, whereas changes in the biomass of ciliated protozoans were less pronounced. Weak responses at higher chlorophyll concentration were observed for bacteria and metazooplankton.
Influence of trophic status on the composition of the plankton community
The composition of the total plankton community strongly changed with increasing trophic status ( Figure 3a ). Phytoplankton contributed $40% to total biomass in mesotrophic lakes, while it formed $75% in hypertrophic lakes. The biomass of bacteria was always small in relation to the phytoplankton biomass ( Figure 3b ). Since absolute phytoplankton biomass increased more rapidly with an increase in trophic status than did bacteria biomass (Figure 2 ), the ratio of bacteria to plankton biomass was significantly lower in hypertrophic lakes compared to mesotrophic lakes (ANOVA, Bonferroni post-hoc-test, P < 0.001).
The contribution of some groups of phytoplankton changed with the trophic level of the lakes (Figure 3c ). The most remarkable difference was the strong increase of cyanobacteria (ANOVA, Bonferroni post-hoc-test, P < 0.001), reaching $50% of total phytoplankton biomass in hypertrophic lakes. Chrysophytes contributed $20% of total phytoplankton biomass in mesotrophic lakes, but <4% in the other lakes. The importance of dinophytes also decreased from mesotrophic to hypertrophic lakes. Chlorophytes and diatoms barely changed in their contribution to total phytoplankton biomass.
Protozoan biomass made up 24% of total zooplankton biomass in mesotrophic and slightly eutrophic lakes and 42% in highly eutrophic and hypertrophic lakes ( Figure 3d ). These differences were significant (ANOVA, Bonferroni post-hoc-test, P < 0.05). Distinct seasonal differences emerged mainly in highly eutrophic and hypertrophic lakes, where protozoans contributed up to 62% in spring and autumn and only 16% in early summer, respectively ( Figure 4 ).
Protozoan biomass was clearly dominated by ciliates (Figure 3e ), but there was a significant increase of the contribution of heterotrophic flagellates from mesotrophic to hypertrophic lakes (ANOVA, Bonferroni post-hoc-test, P < 0.05). The relative importance of heterotrophic flagellates varied strongly with the season, reaching maximum values in spring (up to 50%) in many lakes irrespective of their trophic status. In early summer, heterotrophic flagellates formed a smaller proportion of the protozoan biomass. Heliozoans and rhizopods were not considered in this investigation.
The composition of the metazooplankton barely changed with the trophic level of the lakes (Figure 3f ). Copepods usually formed the main component, cladocerans contributed <20% on average and the contribution of rotifers varied. Regarding the seasonal aspect, cladocerans made up the largest part of the metazooplankton in early summer (up to 33%) (see Figure 5f ).
Seasonal changes in absolute biomass of different plankton groups
Seasonal changes in bacterial biomass were almost negligible; only mesotrophic lakes showed a tendency to higher values during summer (Figure 5a ). Phytoplankton biomass showed a strong increase with trophic status of lake, but no clear seasonal patterns could be observed (Figure 5d ).
Heterotrophic flagellates reached their maximum biomass in all lakes during spring except the mesotrophic lakes, where the highest biomasses were recorded in early summer (Figure 5b ). In mesotrophic and slightly eutrophic lakes, biomass steadily decreased after this maximum until the end of the year. In highly eutrophic and hypertrophic lakes, the biomass of heterotrophic flagellates showed a significant minimum in early summer but increased again in late summer and autumn. The seasonal patterns of ciliates ( Figure 5c ) were similar to that of heterotrophic flagellates. In mesotrophic lakes the maximum biomasses were recorded in early summer and in slightly eutrophic and highly eutrophic lakes they were recorded in spring. In hypertrophic lakes, high biomasses were recorded in spring and autumn.
For total metazooplankton, only minor seasonal changes were recorded (Figure 5e ). The high biomasses in early summer in highly eutrophic and hypertrophic lakes were mainly the result of high cladoceran numbers. Cladoceran biomass was maximal in late summer in mesotrophic and slightly eutrophic lakes, whereas in highly eutrophic and hypertrophic lakes, highest biomass was present in early summer (Figure 5f ). The maximum values in highly eutrophic and hypertrophic lakes were notably higher than in lakes of lower trophic status, but differences were not significant (ANOVA, P > 0.3) because of the high variance between lakes.
Correlations between components of the pelagic food web
Since biomass and abundance of all plankton groups were positively correlated with trophic status, it was necessary to remove the influence of trophic status before analysing the effects of interactions between the groups. Therefore, regression analyses were performed relating the biomass of each group to the respective chlorophyll concentration and the following analysis was continued with the resulting residuals of the regressions. Pearson correlation analyses were used to test the relationships between the plankton groups (Table III) . Analyses were carried out for (i) the pooled data, (ii) separated by trophic status and (iii) separated by season. For the mesotrophic level, very few correlations were significant because of the low number of lakes (n = 4), and therefore these lakes will not be considered further.
The total bacterial biomass of pooled data was significantly correlated both with heterotrophic flagellates and ciliates, but not with any fraction of metazooplankton. The coupling was relatively weak for pooled data. In slightly eutrophic lakes, total bacteria were linked only to heterotrophic flagellates, in highly eutrophic lakes only to ciliates, whereas in hypertrophic lakes no significant correlations were evident. Regarding the season, significant correlations were evident between total bacteria and ciliates only in early summer and autumn. However, biomass of bacterial filaments (>30 mm) were highly positively correlated to the biomass of protozoans and negatively correlated to cladoceran biomass. Heterotrophic flagellates had a stronger influence on the biomass of bacterial filaments compared to the influence of ciliates and were significantly correlated at all trophic levels and at all seasons except for spring. The negative influence of cladocerans on the biomass of bacterial filaments was significant for pooled data, for all trophic levels and for all seasons except for spring.
Heterotrophic flagellates were positively correlated to ciliate biomass at all trophic levels. With respect to season, significant correlations were evident only in early summer Results are shown for pooled data (left column), separated by trophy (middle) and by season (right columns). Only significant correlations are shown. Significant relationships were defined as *P < 0.05 or **P < 0.01. and autumn. Cladocerans were negatively correlated to heterotrophic flagellates irrespective of the lake's trophic status. Regarding the seasonal aspects, negative correlations were confined to early and late summer. Ciliate biomass showed significant positive correlations to both heterotrophic flagellate biomass and rotifer biomass, negative correlations were observed to the biomass of metazooplankton, cladocerans and copepods for pooled data, respectively. Rotifers were coupled with ciliates only in spring and in lakes with higher trophic status. Cladocerans were negatively related to ciliates mainly in late summer and autumn in lakes with higher trophic status. The negative influence of the presence of copepods on ciliate biomass was confined to spring and late summer. No significant differences between the effects of cyclopoid and calanoid copepods were established. The biomass of cladocerans was negatively related to the biomass of filamentous bacteria, heterotrophic flagellates and ciliates, respectively (see above).
D I S C U S S I O N General influence of trophic status
Our results demonstrate that increasing trophic level had a different effect on the components of the pelagic food web. There was a discrepancy between the changes in biomass of potential food organisms and grazers both in the microbial and in the traditional food web. On the one hand, bacterial biomass barely changed at higher trophic levels, while the biomass of their potential grazers, ciliates and heterotrophic flagellates increased strongly. On the other hand, phytoplankton biomass increased much more strongly than the biomass of metazooplankton. This indicates an increasing control of the bacterial production by protozoans and a concomitant decreasing control of phytoplankton production by metazooplankton grazers. The enlarged proportion of inedible phytoplankton (mainly cyanobacteria) with increasing trophic status may decrease the impact by metazooplankton which feed more intensively on components of the microbial web at such conditions (Hart and Stone, 2000) . Lacroix et al. (Lacroix et al., 1989 ) demonstrated a highly significant correlation between the production of phytoplankton and zooplankton in 56 lakes, but they found only low correlations between their biomasses. This indicates that the comparison of production rates of prey and predators might provide a better idea of their relationship than a comparison only of their standing stocks.
Metazooplankton in the lakes investigated in the present study may have been suppressed by increasing grazing pressure by planktivorous fish in lakes with higher trophic status. The rare occurrence of large daphnids and the general prevalence of small zooplankters, especially in lakes with higher trophic status, clearly indicate that high grazing pressure existed in those lakes (see below). In addition, the metazooplankton biomass in deep (>10 m) mesotrophic and slightly eutrophic lakes may have been underestimated in this study because of the sampling procedure. Zooplankton in the hypolimnion, which may migrate upwards during the night, was not considered. On the other hand, most of the highly eutrophic and hypertrophic lakes were well mixed during summer because of their shallowness, leading to reliable quantification of zooplankton as a result of integrated sampling. Therefore, the relation of metazooplankton biomass to trophic status may be even lower than our results suggest.
The slight increase in the importance of protozoan biomass with higher trophic status in our study stands in contrast to other studies that report higher proportions of protists in lakes of lower productivity. Protists made up a larger part of the zooplankton biomass in the oligotrophic offshore of the Great Lakes compared to eutrophic coastal sites (Hwang and Heath, 1997) . Discussions about changes in the importance of the microbial food web with increasing productivity of the system were controversial in the past. Porter et al. and Weisse stated that increased nutrient loading should decrease the importance of the microbial food web (Porter et al., 1988; Weisse, 1991b) . However, those systems ranged only from oligotrophic to meso-eutrophic; lakes with higher productivity were not included.
In contrast, Cole et al. (Cole et al., 1988) reported in a review of 24 freshwater studies a positive correlation between bacterial production and phytoplankton primary production, whereas production of metazooplankton was independent of the trophic status. These findings supported the idea that the importance of the microbial food web increases along the trophic gradient relative to the traditional food chain. In a study by Riemann and Søndergaard (Riemann and Søndergaard, 1986) , comparing the carbon flux in two lakes of different trophic status, the proportion of net primary production channelled through bacteria was higher in the highly productive lake compared with the less productive one, and exceeded the carbon flux from phytoplankton to zooplankton. In the food web of the meso-eutrophic Lake Kinneret bacterial production was positively correlated to phytoplankton production and heterotrophic microorganisms served as important additional food for the metazoan grazers at times with limited supply of edible algae (Hart and Stone, 2000) . Our study clearly supported the idea of an increase of microbial activities with an increase in trophic status. Combining these different results, protozoan importance may be at a minimum in mesotrophic lakes.
A number of studies have demonstrated that bacterial number and biomass are strongly related to primary productivity (Sanders et al., 1992) and that heterotrophic flagellate abundances are coupled with bacterial numbers (Berninger et al., 1991b) . In our study, changes in bacterial biomass were relatively low, ranging only over one order of magnitude (from 10 6 to 3 Â 10 7 cells ml
À1
). Heterotrophic flagellate numbers were generally lower than would be expected from the 1:1000 relation given by Berninger et al. (Berninger et al., 1991b) (Figure 6a ). This is in accordance with a comparative study by Pick and Hamilton (Pick and Hamilton, 1994) . Most of the heterotrophic flagellate abundances of our study also remained well below the carrying capacity derived from the bacterial numbers according to Gasol (Gasol, 1994) . The discrepancy between our results and those of Gasol and of Berninger et al. may be the result of the counting technique that we used for the enumeration of heterotrophic flagellates (Berninger et al., 1991b; Gasol, 1994) . By counting epifluorescence-stained samples, organisms other than heterotrophic flagellates, such as zoospores, large bacteria or disrupted cells of other origin, may be included in the counts of 'heterotrophic nanoplankton' (Arndt et al., 2000) , which may lead to artificially high counts of heterotrophic flagellates. Despite this discrepancy, the low numbers of heterotrophic flagellates in relation to bacterial abundance indicate, according to Gasol (Gasol, 1994) , that heterotrophic flagellate populations should mainly be top-down controlled. The ratio of heterotrophic flagellates to bacteria increased with higher trophic level, as represented by chlorophyll concentrations (Figure 6b ). This should indicate a change in the control mechanisms for bacteria and heterotrophic flagellates with increasing trophic status. Our data suggest that bacteria are much more top-down controlled by protozoan grazing at higher trophic states and are less regulated by nutrient supply. This also leads to a decoupling between bacteria and phytoplankton biomass (and hence primary production) with increasing trophic status.
Top-down control on plankton components exerted by cladocerans seems to be less important at a higher trophic level, as is indicated by the lower increase of their biomass in relation to the biomass of heterotrophic flagellates and ciliates. On the other hand the concomitant increase of ciliate biomass can cause a higher grazing impact on bacteria and reduce the food supply for heterotrophic flagellates. These changes in the trophic interaction may have led to the observed changes in the heterotrophic flagellate-bacteria relationship. Heterotrophic flagellates may not only depend on bacteria as the main food source, they can also feed on phototrophic picoplankton and nanoplankton (Sherr et al., 1991) , viruses (González and Suttle, 1993) and dissolved organic carbon (Tranvik et al., 1993) . The biomass of large heterotrophic flagellates (>10 mm) increases significantly with the trophic status of lakes (Mathes and Arndt, 1994; Auer and Arndt, 2001) . These large heterotrophic flagellates are predominantly algivorous but partly carnivorous (Nauwerck, 1963; Arndt and Mathes, 1991) . This indicates that flagellates may also profit directly from increases in phytoplankton biomass.
Sanders et al. (Sanders et al., 1992) stated that the bacterial production is related to grazing pressure, resulting in a relatively constant standing stock of bacteria. Therefore, we assume that the bacterial production in the lakes of our study increases much more than the bacterial biomass with increasing trophic level. This fact may also explain the strong increase of protozoan biomass despite small changes in bacterial biomass in our study.
The high positive correlation between protozoans and filamentous bacteria indicates a strong influence of (Gasol, 1994) , 1:1000 relation according to Berninger et al. (Berninger et al., 1990) heterotrophic flagellates and ciliates on the morphological composition of the bacterial assemblage. Bacterivorous protozoans prefer small food particles and cannot feed on filamentous bacteria (Hansen et al., 1998) . The bacterial community changed to a dominance of grazingresistant filamentous cells with the occurrence of high numbers of bacterial feeders, as found in other studies ( Jürgens et al., 1994; Jürgens and Stolpe, 1995; Pernthaler et al., 1997; Simek et al., 1997) . In contrast, the high abundance of cladocerans had a negative effect on the occurrence of filamentous bacteria. The alternating effect of cladocerans and heterotrophic flagellates on the morphology of bacteria is in accordance with experimental studies (Jürgens et al., 1997) . In our study, the impact of heterotrophic flagellates and cladocerans was more or less independent of trophic status and season.
The lack of negative correlations and the high positive relationships between rotifers, ciliates and heterotrophic flagellates, respectively, indicates that these groups were probably regulated by the same parameters, i.e. bacteria and small algae as food resource and crustaceans, especially cladocerans, as predators. Studies from other lakes revealed that both ciliates (Weisse et al., 1990) and rotifers (Arndt, 1993; Pernthaler et al., 1996) can be responsible for a high mortality of heterotrophic flagellates. Laboratory experiments confirmed the potential grazing impact of these groups on heterotrophic flagellates (Verity, 1991; Jürgens et al., 1996) . However, ciliates feed also on bacteria, algae and other ciliates (Fenchel, 1987) and do not depend on heterotrophic flagellates as food and therefore do not deplete this resource. Berninger et al. (Berninger et al., 1993) observed a strong positive relationship between heterotrophic flagellates and ciliates in a hypertrophic pond without direct negative effects on the heterotrophic flagellate abundance. The authors concluded that the ciliate population is enhanced by heterotrophic flagellates but that the ciliates were not able to cause a marked decrease in them. Since the interval of our data was about 2 months, it is not possible to draw conclusions about short-term interactions between ciliates and heterotrophic flagellates, as they are reported from the springtime of some lakes (Weisse, 1991a; Arndt et al., 2000) .
The most important regulation parameter for the community structure of the plankton community should be the occurrence of cladocerans, as they are able to exert a strong negative effect on heterotrophic flagellates and ciliates and most other plankton components. The importance of these filter-feeders in regulating the protozoan biomass is confirmed by the strong decline of heterotrophic flagellates and ciliates with increased cladoceran biomass in early summer. Direct evidence for grazing pressure of cladocerans on heterotrophic flagellates is described in laboratory experiments and numerous lake studies (Arndt and Nixdorf, 1991; Weisse, 1991b; Köthe and Benndorf, 1994; Jürgens and Stolpe, 1995; Nakano et al., 1998; Arndt et al., 2000) . Most authors stress the importance of the more effective filtration rate of Daphnia compared to smaller daphnids (e.g. bosminids) and suggest that only a high abundance of Daphnia can have an impact. In our study, however, we could not detect any difference between the effect of Daphnia and of other cladocerans. This is in accordance with similar weight-specific clearance rates observed for Bosmina, Ceriodaphnia and Daphnia ( Jürgens et al., 1996) .
Ciliates also seem to be affected by grazing pressure from copepods, indicated by negative correlations between the two groups. Wickham (Wickham, 1998) observed a high vulnerability of ciliates to Cyclops, but only low response to calanoid copepods. In contrast, our data give evidence for a similar effect of both calanoid and cyclopoid copepods on ciliates. This is supported by the studies of Burns and Schallenberg (Burns and Schallenberg, 2001 ) who demonstrated that calanoid copepods exhibited higher grazing rates than cladocerans on protists in the lakes of New Zealand.
The increase of metazooplankton biomass along the trophic gradient was relatively low, whereas phytoplankton biomass strongly increased. However, the high contribution of inedible cyanobacteria prevented an effective control of the phytoplankton by zooplankton grazing. On the other hand, high predation pressure from planktivorous fish, especially in highly eutrophic and hypertrophic lakes, may have limited the development of large zooplankton. Jeppesen et al. ( Jeppesen et al., 2000) reported a strong positive correlation between fish biomass and chlorophyll a concentration in New Zealand lakes, but a lack of significant correlation between zooplankton density and biomass and chlorophyll a. Though quantification of fish populations was not included in the present study, the size distribution of cladocerans, especially that of Daphnia (mean size 700-900 mm), indicates a strong grazing pressure of planktivorous fish (Benndorf et al., 1988) . In addition, the high relative contribution of copepods gives a hint as to the importance of top-down predation on metazooplankton, since large-sized daphnids are more sensitive to fish predation.
Seasonal aspects
The biomass of protozoans and cladocerans varied significantly with season depending on the trophic status of the lake. The strong increased biomass of protozoans in spring in relation to increasing trophic level indicated a bottom-up control of the population growth of heterotrophic flagellates and ciliates. During spring, protozoan biomass is determined by the amount of food (bacteria and small phytoplankton), while grazing pressure by metazooplankton is relatively low. The investigations of seasonal aspects did not reveal a detectable negative effect of ciliates on heterotrophic flagellates, however short-term investigations by other authors have clearly indicated trophic relationships between ciliates and heterotrophic flagellates (see above). At the beginning of summer, cladocerans exerted high grazing pressure on heterotrophic flagellates and ciliates as has been reported for several lakes (Arndt and Nixdorf, 1991; Weisse, 1991a; Mathes and Arndt, 1995; Carrias et al., 1998) . Protozoans are strongly top-down controlled during that period. The suppression of phytoplankton was less pronounced in early summer, because of a change to larger inedible forms. Especially in hypertrophic lakes, phytoplankton biomass even increased in early summer despite relatively high biomasses of cladocerans. Cladocerans probably did not increase above a critical abundance (Lampert et al., 1986) because of top-down control by planktivorous fish (see above). Another explanation is the start of the dominance of inedible cyanobacteria.
In conclusion, the composition and the dynamics of the components of the pelagic food web were regulated both by bottom-up and top-down mechanisms. Comparison of lakes along a trophic gradient revealed that resource parameters seem to be of major importance for the determination of abundance and biomass of plankton populations. However, an increased decoupling between bacteria and protozoan biomass and between phytoplankton and metazooplankton biomass, respectively, was observed across the trophic gradient. Seasonal changes and the actual biomasses, however, appeared to be mainly controlled by grazing pressure.
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